L3Pixel CountOdditiesresulting fromDay Night
DeterminationIssuesn somelL2Cloud Top Parameters

This issue was first notidddy NandanaéAmarasinghe@ndKerry Meyemwhen
comparingMonthly Pixel Counts of Cloud Top Pressusea pseudo accounting of
PixelCounts of Cloud Top Height by crushing down a joint histogmaatving

CTH¢ KS AYIF3IS 0SSt 26 &Kz g apixél goun&a 1Y O X IOKEE &
which appeared to follow broadlatitude band orzone which was a very odd

looking signature.
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Note that thisbad Monthly PGmismatchappearediraceableto a selected
(infrequently occurringsingleday-- and furthertraceableto only a few granules
in partial orbitson thatsingleday. Forexample, foithis December 2002 Monthly
image(shownabove, Itraced this anomaly to a bad single day5 Dec 2002.
After | dug into this a bit, | found this issue was always traceable to a dfunk
daytimeCloud Top Propertiedatathat was incorrectly assigned night in L2
(within the 06_L2 file) Now, kts seewhat this issue looks like in the L3 Daily
Imagedor 5 Dec 2002.
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doud Top TemperaturéDay, Night)

So in the Daily imagdsr 5 Dec 2002 (showioelow) there was a chunk of
Daytime data that was assigned to Nighithile the missing day data is edsy
aSS3> ’ardardo sée (ddieitaioverlap) that the missing day granules were
assigned night (second image belaw) 6 dzii A (1 Q& (G KSNB®

Cloud_Top_Temperature_Day_Mean 05Dec2002

MODIS/Terra  MODO08_D3.A2002339.061.2017280162506.hdf Degrees Kelvin
Cloud_Top_Temperature_Night_Mean 05Dec2002
. 300
- ; = -
¥ : 275
250
225

MODIS/Terra MODO08_D3.A2002329.061.2017280162506.hdf Degrees Kelvin

This misclassification of Day granules into Night is more easitirséee Nadir
t N2 RdzO( & 6 a Asgeliindividu@lérbit§Ir iR SNI GR2Say Qi 3S
overlap.
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CTT Near Nadir (DaMight)

{6AGOKAY3 (G2 GKS bSINI blFRANI [ganuled Af &
that were misplacednto Nightin L26 & A y OS A (i Q & indviddalbrbits)) O 2
and there is not as much overlap.

Cloud_Top_Temperature_Nadir_Day_Mean 05Dec2002

& 200
MODIS/Terra  MODO0S8_D3.A2002339.061.2017280162506.hdf Degrees Kelvin

Cloud_Top_Temperature_Nadir_Night_Mean 05Dec2002

& 200
MODIS/Terra  MODO0S8_D3.A2002339.061.2017280162506.hdf Degrees Kelvin

Note that tis exact samdynamicD/N misclassificatiorssue is occurring the
Cloud Top Pressure, Cloud Effective Emissivity, and Cloud Fizanttoneters.
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CTPNear Nadir (DayNight)

Here is theCTANadir Day and@THNadir Night which shows the exact same
pattern. Daytime granules are getting riggyged as night.

Cloud_Top_Pressure_Nadir_Day_Mean 05Dec2002

MODIS/Terra MODO08_D3.A2002339.061.2017280162506_hdf hPa

Cloud_Top_Pressure_Nadir_Night_Mean 05Dec2002

MODIS/Terra MODO08_D3.A2002339.061.2017280162506_hdf hPa
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C™ Near Nadir (DayNight)

Finally Cloud Top HeigNear Nadirshows this exact same pattern.

Cloud Top_Height Nadir Day Mean 05Dec2002
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MODIS/Terra MOD08_D3.A2002329.061.2017280162506.hdf meters

Cloud_Top_Height_Nadir_Night_Mean 05Dec2002
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MODIS/Terra MODO08_D3.A2002339.061.201 72801 62506.hdf meters
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However, next | want to show something interesting with this bWhat is
interesting is if you move to thetandardCloud Top Propertlparameters, that is
the standard full swath parametefand not the Near Nadir parameterghere is
acdbreak in the pdtern€.

For the Full Orbital Swath CTT (the standard) €ydu get the same general
signature That is, some of the Daytime granules for a few granules in a few orbits
are incorrectly assigned Night.

Cloud Top_Temperature_Day Mean 05Dec2002

MODIS/Terra  MODO0B8_D3.A2002339.061.2017280162506.hdf Degrees Kelvin
Cloud_Top_Temperature_Night_Mean 05Dec2002
. 300
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MODIS/Terra MODO08_D3.A2002339.061.2017280162506_hdf Degrees Kelvin
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That same pattern REPEATS for the full Orbitatis®roducts (the standard
Products) for CTP, CEE, CF

HOWEVERor Cloud Top Height (CTH), in the standard full swath prodtlus
iIssuesuddenlydisappears! That isthere was NO issue seen in L3 where daytime
CTH granules were being misclassified as night. CTH Standard looked normal and
correct in L3 relative to D/N separation.

Cloud_Top_Height_Day_Mean 050ec2002
18000

MODIS/Terra MODO08_D3.A2002329.061.2017280162506.hdf meters

Cloud_Top_Height_Night_Mean 05Dec2002

13500

9000

MODIS/Terra MODO08_D3.A2002329.061.2017280162506.hdf meters
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Thissymmetrybreakbetween CTH Standard Product and the other Cloud Top
Property Stadard Products (CTT, CTP, CEE, andG€&ultimate cause of the
crazy mismatch pattern@he bright red colorjhat Nandana was seeing his
monthly Pixel Count Difference Images.

Further Investigation

Next,| wanted to investigatef something was ifferent In the L3 Specification as
to how the CTH Standard Product was being computethesall other Cloud Top
Property related products in L&hich includedall the Near Nadirs and all the
Standard Products other than CTHIhis was done to seettiis break in the
patternin L3could be attributed to how the Standard CTH SDS was specified to
be computed in L3NVas there something different about that specification in L3?

So, éts JUST compare the L3 Specification of th¢[Aly Standard product
(which appears correct) vihe CTHDay Near Nadir Produ@vhich showghe
Day/Night specificatioerror).

Shown belows the CTHDay Standard Product specification in L3. (The key parts
are highlightedin red) So for this CTBay Standard Product3lis reading the
regular CTH SDS and using the/Nayht Flag in the Cloutlask 5kmQA to
separate Day and Night. This specification does not show an error. That is, it
bypasses the error in L2.

CTHDay Standard Product Spec:

short Cloud_Top_Height_ Da y Mean ( YDim:mod08 , XDim:mod08 ) ;
Cloud_Top_Height_Day_Mean:long_name = "Geopotential Height at Retrieved Cloud Top
Pressure Level (Day): Mean" ;
Cloud_Top_Height_Day_Mean:units = "meters" ;
Cloud_Top_Height_Day_Mean:val id_range = 0s, 18000s ;
Cloud_Top_Height_Day_Mean:_FillValue = -9999s ;
Cloud_Top_Height_Day Mean:scale_factor =1.0d ;
Cloud_Top_Height_Day_ Mean:add_offset = 0.0d ;
Cloud_Top_Height_Day_Mean:Derived_From_Level_2 _Data_Set ="Cloud_Top_Height";
Cloud_Top_Height_Day_ Mean:Level_2_Pixel_Values_Read_As = "Real" ;
Cloud_Top_Height_Day_Mean:Included_Level_2_Nighttime_Data = "False" ;
Cloud_Top_Height_Day_Mean:Statistic_Type = "Simple" ;
Cloud_Top_Height_Day_ Mean:Masked_With_QA_Usefulness_Flag = "False" ;
Cloud_Top_Height_Day_Mean:Quality_Assurance_Data_Set = "Quality_Assurance_5km" ;
Cloud_Top_Height_Day Mean:QA_Byte = 6s ;
Cloud_Top_Height_Day  Mean:QA_Useful_Flag_Bit=0s;
Cloud_Top_Height_Day Mean:QA_Value_Start_Bit=1s;
Cloud_Top_Height_Day_Mean:QA_Value_Num_Bits = 3s;
Cloud_Top_Height Day Mean:Aggregation_Data_Set = "Cloud_Mask_5km" ;
Cloud_Top_ Height Day Mean:Aggregation_Byte = 0s ;
Cloud_Top_Height_Day_ Mean:Aggregation_Value_Start_Bit = 3s ;

8| Page



Cloud_Top_Height Day_ Mean:Aggregation_Value_Num_Bits = 1s ;
Cloud_Top_Height_Day_Mean:Aggregation_Valid_Category_Values = 0Os, 1s;
Cloud_Top_Height Day_Mean:Aggregation_Category_Values = 1s ;

Next, lets turn tahe NearNadir CTHFileSedfication, a specification that is
allowingthe error in L2 to propagate into LI his specification shows that tlfier
this L3 SDS the following SDS was being read from L2:

¢Cloud_Top_ Height_Nadir_DayAndfurther, no aggregation was performed in
L3. In other words the L3 code was RELYON@e L2 inputSD3o properly
separate Day vs. Night.

CTHDay NeaiNadir ProducSpec:

short Cloud_Top_Height_Nadir_Day_Mean ( YDim:mod08 , XDim:mod08 ) ;
Cloud_Top_Height_Nadir_Day_Mean:long_name = "Geopotential Height at Retrieved Cloud

Top Pressure Level (Day) Near Nadir (SZA LE 32): Mean";
Cloud_Top_Height_ Nadir_Day_Mean:units = "meters" ;
Cloud_Top_Height_Nadir_Day_Mean:valid_range = Os, 18000s ;
Cloud_Top_Height_Nadir_Day_Mean:_FillValue = -9999s ;
Cloud_Top_Height_Nadir_Day_ Mean:scale_factor =1.0d ;
Cloud_Top_H eight_Nadir_Day Mean:add_offset = 0.0d ;
Cloud_Top_Height_Nadir_Day_Mean:Derived_From_Level_2_Data_Set =

"Cloud_Top_Height_Nadir_Day" ;
Cloud_Top_Height_Nadir_Day_Mean:Level_2_Pixel_Values_Read_As = "Real" ;
Cloud_Top_Height_Nadir_Day_Mean:Included_Level_2_Nighttime_Data = "False" ;
Cloud_Top_Height_Nadir_Day_Mean:Statistic_Type = "Simple" ;
Cloud_Top_Height_Nadir_Day Mean:Quality_Assurance_Data_Set = "None" ;
Cloud_ Top_Height_Nadir_Day Mean:Aggregation_Data_Set = "None" ;

SohereWASs RAFFSNBYOS Ay K2g (KS&AS Go2 {5{

Theinput 06 L2 SDQthat do NOT show the errqand propagate properly to
Level3) areéCloud_Top_Height I Yy R &/ If 2MAARK ig RAYURA NE

And this100% correct input 06 _L2 sdS is wpedpagates to thd.3
Cloud_Top_ Height Day Me&DSwhichis reading in the combine@ll
retrieval)SDS from L2 and doing a day/night separatuthin L3 itselfusing the
Cloud_Mask_5km Day/Night Flag.

TheL3SDShat DOEShow the error(Cloud_Top_Height_Nadir_Day Mean) is
reading in the L2 SDS already separatéal day onlyby the L2 code
(Cloud_Top_Height Nadir_Dard doing no aggregation atl L3. It is relying on
the L2 input file to have performed this D/N separation correctly.
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Why was there a Difference in how the Standard CTH was Specified In L3?
Why was thatlone SD&n outlierin L3?

The reason | specified the Standard CTH differently fleother Cloud Top

Property related L3 parameters, was an anomaly on my part (but not technically a
mistake). This CTH Standard parameter in L3 was a last minute additioled

when | noticed that UW asked for a CTH Near Nadir Product to be addeCt L3
but not a CTH Standard Product.

When | approached UW about thpstential oversight, they agreed that adding a
CTH Standard Product was fiaéut because of this | added the CTH Standard
Product several months after | added the other new additittn€6 L3
(specifically all the Near Nadirs).

Because of this separation in time betwemodifyingthe L3 File Specs for Cloud

Top Property Products (that is, | added the CTH Standard several months after the
20KSNJ {5{Qa ¢SNB | mRréiRaslghtly diffelei$ ey TA SR / ¢
(using the D/N QA Flag in Cloud_Mask 5km to do the D/N aggregation for this

one product). Note that what | coded in Lidr CTHvas NOT AN ERRQRY

simply an alternatecceptablevay to specify.

To clarify, here are 2vays lanO2 RS (KS&S / f2dzR ¢2LJ t NP LJ
L3. | aneither read the separated D/N parameters in L2 and not perfaidiN

Aggregation in L3 OR-- | canread the nonseparated parameters in L2 and

perform the D/N aggregation in lW&ingthe Cloud Mask 5km D/NQA Flag.

20K 2F 0KSAS YSiUK2R&a ¢2dzZ R KI @S LINE RdzC
0K dQaalltheimpatER2{ 8 F @& FNRY /f2dzR ¢ 2L t NBLISN
OK26SOSNI KS28 gSNB y20T GKS 5kb aSLI NI

At this same timel believe | asked UW which statistics would be good to add in

[ o F2NJ KA gateya&iion)pdraR&er-2ayid as | recall this is where

the NON INCLUSION of a separate Pixel Counts SDS for CTH happened as well. |
believe | vas relayed the information from UW that th&xel Countst(/ )dba

CTH will match th@ixel Countst(/ )@éaall other Cloud Top Property related

{5{Q&a AY [o0oZX a2 UOUKFG LI NOAOdzZ I NJ {5{ 6/ ¢
unnecessarand redundant.
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So lmttom line, because this was a very late amidparameter in L3 (added after |
noticed there was amsymmetryin my SDS Inventory Tablejwo anomalies
occurred: 1.) | specified this in an alternate, but still correct way, and 2.) | did not
add a PixeCount SDS to this new parameter.

UPSHOT

So the Upshot jghe error in the 06_L2 file is ISOLATED irséparatedD/N

{ 5 {fd@@loud Top Propertiesthat is where there was aeparation of
Day/Nightin the L2 fildatself. Forexamplenc W[ H { 5{ Qa
Cloud_Top_ Temperature_Day or Cloud_Top_Height_Nadir_Dayittin the L2
file itself.

That being said, the Day/Night QA Flag that is stored in the Cloud_Mask 5km is
CORREGAIth no issues. That,ithisCloud MaskA Flag isorrectly flagging Day
and Night granules

This means for any L3 parameter where the file specreading in a non
separated Cloud Top SDS (such as Cloud_Top_Height) andsthgrhe
Cloud_Mask_5km D/RA Flag to separate Day/Nightheerrorin 06 _L2 is NOT
propagated to L3

| 26 SOSN) 6 KSYSOSDIMA SLINBI REARA yv[ i KE54QayY C
Cloud_Top_Temperatur®ayor Cloud_Top_HeighNadir_Dayfrom the 06 L2
file, then the error in L2 propagates into L3.

So t appears to me thak.3 can bypass this error by alwagading the ful{non
D/N separated)L2Cloud Top PropertgDS (with both day and nigtetrievals
depending on the granule time@ndusethe Cloud_Mask_5km D/RA Flag to
separate.

Bottom line ighere is a code bug in the Cloud Top Retrieval Algorithm that is
mishandling the separation of Day and Night for some selected granules for some
aSt SOGSR 3AINI ydzA S&a 2y az2ysS asSt SOGSR RI &a
parameters which have Day and Nigigigregatiordone at LAFor example
Cloud_Top_Pressur®ayin the 06_L2 file)
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The good news iits seems to occunly veryoccasionally (about 1x a month)
and only for a few granules.

hyS aiStté GKIFEG LQ@S vy 20 hglbisshby boskingg 2 dz Ol
atthe L1B image@hat usebands 1, 3, and)4 When those L1B imagge BLACK

(go missing)his problem rears its head the * Day and * Night Cloud Top

t NP LIS NI ®6_K25It{s€kins td oprrespond to maneuvers being perfodne

If UW could modify thei€loud Top Properties Retrievalde to always use the
Cloud_Mask_5km QA Flags for INight separabn instead of whatever
algorithm they are doing now, this issue wékolve.

I am not 100% sur@/HYwhatever algorithm UWsiusing within the Cloud Top
Retrievalcode to perform these L2 separations into Ddightin L2, sems to
malfunction from time to time, but if they could switch to using the
5km_Cloud Mask QA Flag array, this would solve the issue.

Thatbeingsaidd FFSNI 'y £ SNyl GAGBS (2 !'2 &GFAEA
end of this document! (The alternative is that UW could simply delete these
FElF6SR ncy[Hn {5{Qa&a aAryoOS cli&OsmplySeéthef & L
Gt GSNY I GS Y Sihk iR I£3 agio2tlin€lZaNouayzi

An aside

LaOQa Ay ( Seiac thak IEfHokt thé RixelCouitt SDS for CTH started a
dominoeffect when Nandana did his stutlyat helped to diagnose this
intermittent error or bug in the Cloud Top Algorithm. If | had included the CTH
Pixel Counts in L3 this error would have gone undetected fonger period of
time. The fact that it was sotermittent, made it harder to detect.
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What the L1B Granule Imagésok like when this issues rears its head

The L1B granulenagesthat follow are for 1635 and 1640TC which

corresponds to a problematic area over North Ameritathe 1635granule

belowthere is anisolatedswathof gooddatashown over the Hudson Bayhe

I NBIF 0Sf2¢g 6az2dzikKk 2F0 GKS 6KAGS &dGNRLIS
missingblack). | believeome ofthe area abovénorth of)the white stipe also

daK2dZA R KIS RFEGF & AO0Qa y20 ljdaadS G2 0
those VIS NIRalmds were cutting in and out during the maneuver?

MODO021KM.A2002339.1635.061,2017185140308 hdff
Terra MODIS Truecolor Scen o y
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Here is the next1Bin sequenc€1640 UTOmage The area above or north of
the visible part should be there but instead its missingplack. Note that the
orbital track is moving down the screerr @uth)
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